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(57)Abstracf 

PROBLEM TO BE SOLVED: To enable the simultaneous 
sepn. of plural carriers from wavelength division multiplex 
light wrth Sl mple constitution by constituting the array in 
such a manner that input light is reflected plural times 
between first and second surfaces and that a plurality of 
the light passes the array via the second surface 
SOLUTION: The virtually imaged phased array(VIPA) 76 
-ncludes a plate 120 made of, for example, glass and has 
reflecfcon films 122 and 124 thereon. The input light 77 
is focused at a focal line 78 by a lens 80 via an 
irradiation window and multiple reflection is induced 
between the reflection films 122 and 124. The reflection 
surface 124 has approximately 100» reflectivity 
exclusive of the irradiation window and the reflection 
surface ,122 has approximately 95% or higher reflectivity. 
I hen the reflection surface 122 has approximately 5% or 
lower transmissivity to allow the transmission of 
approximately 5% or lower the incident light on the 

reflection surface 122 and reflects 95% or more of the < * 

light The reflectivities of the reflection surfaces 19? * n A ha . •■ •_ 
specific application of VIPA is compTed * ^ chan * eabl * *»* 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation 

1/This document has been translated by comouter So th* 

precisely. y comDUter - 5)0 the translation may not reflect the original 

2.**** shows the word which can not be translated, 
d.ln the drawings, any words are not translated. 

DETAILED DESCRIPTION ' ' — ~ — 

[Detailed Description of the Invention] " ~ " " " 

[0001] 

P W^al^ receives a bar CHARI IMEUIDO 

which consists of two or more earr^co^ d,Visio " ™'*P"* "* ght 

more carriers, respectively, and relates to theTavelendh t.^ ^T"*'^ ,,ght t0 two or 

moT or more distingui8hab,e flu * « 'S sp*Z mutual * separated spectral1 * 

multiplexed and two or more *£&Zl l^i^^T^lT m *** '* ' S 
wavelength multiplex light Wavelength div^^l^^^^ are ™ de 
one optical fiber from it A receiver separates »£«*h> • * tr » na 7 Mt *ed to a reoei var through 
each carrier, and detects each c^T^J^^- ^ ,0 " mtJ ' tipleX ,ight Orally into 
a lot of data using an optiS fibS ' COmmun ' cat ™ can transmit comparatively 

^Zc 1 : o s fTomm e , r : ,ength d,vision ~ 

such a wavelength division multipleKt^ F <"" sample, 

wavelength division multiplex uStm!SS£^^ .transmitted ,f a receiver cannot separate 

carriers in wavelength divfcon tl SS^^faTTr * mU,t, " P ' eXS " d ° 

precise wavelength splitter Therefore, a rece.ver .s wanted to have the highly 

is formed on the InmM^M^lS^ T^ 1 ' ^ interference film 20 

light 24 is carried out on a L 20 it fs reSSi w^k b * Para " e ' ,ight - incide ' 1ce <**• 
of wavelength lambda 2 can be 5^d££S2 S^-T* ? ^ ° n ' y the ' ight 26 
the property of a film 20. A film 20 is ^ oSS^^^S^ condrtions determined with 
contains a„ the light that does no! IZSfc ^ZXJXlrXTtt ^ 
1 -s useful although the wavelength division multiplex fata NnhE£l* ' ^ h 
different wavelength lambdal and lambda? iJ J™* + j V containm e two carriers of 
division multiplex light which has m^ Howe ^ WaVe ' e "* th 

filter and in itself. 0m 2 car " 10t be separated spectrally such a 

AccZ^t^ -d as a 

are mutually parallel. Although this SVe o^JenZ TT r6fIeCtive fi,ms 30 and & 
the light 34 is carried out and it i reflected Z J r 2 BOtivi filrn 30 - incid ^ of 

The light 36 of wavelength lambda Z^l!^^^ *"* 30 and 32 ™* ti ™* 
the property of a Fabry-Perot interfe^m^ > Y^T^ conditi °ns determined with 
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in d rawing! the conventional Fabry-Perot interferometer is useful, although the wavelenn+h 
t seoTrlt ""J*} COnta,ning *" Carri6rS ° f 

.s separated spectrally. However, such a Fabry-Perot interferometer cannot separate spectrallv 
the wavelength d.v.sion multiplex light which has many carriers from 2 spectrally 

^SSISStvS !S t ^"5 Sh ° Wing *** Conventior ' al kelson interferometer used as a 
wavelength splitter. According to drawing.? . incidence of the parallel light 40 is carried out to a 
one-way mirror 42. and it is mutually separated spectrally into the lit 2™^t^^ 
2nd perpendicular light 46. The reflective mirror 48 reflect the lit 5*44wd \£ reactive 
iTand ISi^ ligHt 46 ' The diStance of a —V mirror 42 and"e ^ve m Jror 
drfe^T ttTT i T*™* 42 and 1,16 refleCtive mirro,r 50 show * a °Ptical path 

ft! I X rlZZ^u t0 A mirr ° r 42 ' and i8 reflected b * refl ^tlve mirror 50 and 

the l.ght reflected by the reflects mirror 48 interferes with the light returned to a one-wav 
m,rror 42^ As a result, the light 52 and 54 which has wavelength lambdal in lambda ts 

TtofiEZtZ? ^ f er f dra ^ 1 • and the F ^rot interfTromete o d^ 
LUXm? interferometer of dj^win^a is useful, although the wavelength division~muSex 

J^lZT™* ^^ri * different wavele "S* '^bdal and lambda? is separated 
spectrally. However^ such a Michelson interferometer cannot separate spectrally the wavelenrth 
d,v. 3 .on multiplex light which has many carriers from 2. spectrally tne wavelength 

S C ?M- K k W | P ° S - '?* 1?° make * 9 big array combinin S some filters, a Fabry-Perot interferometer 
or a M.chelson interferometer, and to enable it to separate the further IZ tSZ 
pne wavelength division multiplex light However, such an JZ^^S^^SZ 

f ^ SUCH 3 big reCCiVer W '" be COnStit * ed * *™ confer " ^ 
L0008J A diffraction gratmg and a waveguide array grid are often used for separating spectrallv 
the wavelength d,v, s ,on multiplex light which consists of two or more dm^remfwa^en^ 
earners. Q^iA .s drawing showing the conventional diffraction grating fo/sZratinf 

has the concavo-convex field 58. Incidence of the parallel light 60 which has thTw««^2!j 
earner w*h which plurality differs is carried out to She conefvo-convex s de 5^ It" reflected 

aid ^ e T CaCh n ,ength ° a,Tier b6tween the reRected *™ step W wheh 
ande wnT^; ^/ 88 ^ * "2? '* ™' ™* 66 ° f different wavelength are outeutted at an 
82&n£l S ^ 8 d,f ^ action Voting 56. and each other are separated 

ande di^I' ' SF?TL ^ ^ ° f different with a sma.1 

angle difference relate/ely. Therefore, angular dispersion made by the diffraction grating will 

£SE e ^ 3 ! raSU,t * beC ° meS difficU,t for a receiver *> ™*ive correctiy various 

hS dSS SePSr f Cd VT nV bV the diffraCtl ' on This P^blem is serious e^edaL 

in the diffraction grating wh,ch separates spectrally the wavelength division multiplex ligKch 

nSiifl FT™ wavale "*» which approached comparatively. P * 

Eo nT ? d,ffracti ° n ?f "« is influenced by the optical polarization of an incident 
M^nxl po ' anzat,on ° f an »"«Went light can affect the performance of a diffraction grating 
♦ manijfac * ure an acc ^ a te dHfraction grating for the concavo-conveTs^e 
£S i ^ • ^ atinft 9 com P' icatad manufacturing process is needed. 

V P ?"?* 4 13 draw,ng showin S conventional waveguide array grid for seoaratine 

Z^ToT e r^ IS SP ri ra " y - Wdir,g t0 £«W * Sv d trough an 

Zt i P . • d ' ,ght Wh ' ch COnSists 0f a wavelength carrier with which plurality^ 
differs branches to many waveguides 70. The optical output mouth 72 is in the edge of each 

T&JEfiSEE" ?4 ' WaVCKUide 70 haS P-^edte^a path 

rS ?f^n ^"T' l % iS difFerent Therefore - the which passesT 

waveguide 70 forms an output 74 m the direction which has mutually different path length 

the efore interferes ^mutually through an output 72, and is different to different TvS 

[0012] In a waveguide array grid, angular dispersion can be adjusted to some extert bv 

constrtubng a waveguide suitably. However, a waveguide array grid is Sn3oSb£E 

temperature change and other environmental factors. Thereforrit becomerdlfficult by the 

[0013] Therefore, the technical problem of this invention is easy composition and is offering the 
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combination to an opidfiber 88 * ^ symmetrica ' *>' the effective 

[0014] 

ti*nsm.tted hghts generate a distinguishable output light S £tSy wi* .the ou^ut liXlhl.h 
[0016] 

IUU1 7j Br ,win B 6 is drawing showing the bar CHART (MEJIDO phased array (VIPA) .«„„■■,«». . . 

[0019 iDraX 7 ^S?* s,n ; u,taneous| y ^ flux of lights 82a and 82b. 

aDDrevaton, and has the reflect™ factor smaller than 100%. The reflective film 124 has the 
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o^S ^°L° f i m f ^breviation preferably. The irradiation window 126 is formed on the 

TwTl the ; eflection fact0r of 0* <^ abbreviation preferably. th 
luuiuj i nrough an irradiation window, it is condensed hv th* f*^ Q i i: 'to i 

field of the distant one of a elate 120 Jtl tht l 7 ? condensing a beam waist to the 

After beln, first reflet byTe , rXi™ ffl™% l° Ward ^ re " eC,iwe film 124 ' 

. y aPlKe — rt ,s proportiona — **** — this ratio ^ rt ++k^+=n :* -~ a , 

VIPA generates quite big angular dispersion C ° ttheta ° " ' S ' M * resu,t - 

Reflectors 122 and 124 are mutually parallel and are isolated by thickness t of . Ji£ li? 

tecjKr. reflectors 122 and 124, a „d i, EES ^ *** "*"' eS ** ,nPUt "s" 1 " 

B025] i, ,i„e Vm-vn of dzawjaU . Sine, the cross section which met is shown, the 
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^^f^ . The input light 77 is spread 

reflector 122 as shown in drawin* 8 aL^^T r ' ?f fOC . aI ,,ne 78 js arran ^d at the 
reflector 122, ^eZ^ofi^^T. I? - !? ? * 5 "<* r * qUired for bein * °" a 
property of VIPA76 P ° f the f ° Cf " 78 resufts in a «W* change to the 

SS^ia^tr plat Vp 2 n° r u * h - fiew ao * - 

AO. ftUSEOil . Here, the pomt P0 shows the point around a field 

J? * Ul reflCCted * *• ~ 122 and more 
reflector 124 After Vefleotn* tZ J^tlf^ I °* m 2* 0Ut !nc '^e on the field A1 of a 
to a reflector * 124 ' tha input ■** " Presses 

specified with a beam oS R1 ^Zfl?*"* ' ight ° ut1 38 which a P a * «■ 

122 and 124 as shown in dfaw,ns ^ Ha re ,LTh ^ 8 mu,ti P ,e ech ° a ™ng reflectors 

output light penetS JS^S£^f^± ™ie l * V 7^ 122 Se>Ves as aach 
and the input light 77 generate* tTX^CfoS Out? 252 A u ' 8nd M ' 

point around a field A2 a ooint P3 sh™^ *hl •»* .? ' f d ° Ut4 - A point P2 shows the 
point around a field A4 The cSt^t liZ 0*2 if* "^f? M and the P oi * * ^ows the 
light Out3 is prescribed toitoto^t^S P TS* ed by *• beam of ''^ R2 ' tha 
beam of light R4 Although drli™ p °/ K ?■' ° d ?• ° Utput ,ight 0ut4 is Prescribed by the 
and Out4. more ^ Out0 ' Outt. 0*3, 

factor of reflectors 122 ^^^^Sl^^ °f JVT* ^ T 1 a " d the rafleoti ™ 
flux of light which has the directiontwc^ 'S^JZ^X^St ? the 
77 so that it may state in detail by the followinf wavelength of the input light 

Er^^ of this invent showing 

focal line 78 is nrfSd^ *^^7 2 ?£™!^ ' *f e i ight W u hich P ro ^ sa '* from the 
reflection factor of 10uS32brS^^w2T mentor ' edabov e. the reflector 124 has the 
" the output light Out | - rSSSJlSiTS 1 "T*^ fUnCti ° nS 93 8 m ' W - as a resu * " 
focal line 11 from - as emSed t cln V^T ' $ n0tWng ~ *• W* Outl - 

and Out4 - these ^ thTfeSltoE ^H^'^ ^ ^ " ^ OUtput «** Out3, 
been emitted, respectively Tne oca le 11 12 J 3 aTd M ? "Tr* ^"'^ ana ' yzed aS havin * 
[0029] therefore, ft is shown in draw ^ 9 - L £ m m' ? " m 3 virtUal ima * e - 
place of 2t of distance Here i ifSShS th/JT ^ " F ° Ca ' line 10 from - * is f " the 
the focal line of conSiwJ £ i^e'^J^w ™ ^ 124 ' Si ™ ,ari y- 
Thus, focal line 12 Focal line M Sn the ol^ SS? / ? of d tstan ce from the last focal line, 
echo of each consecutivenes be^^ the - u 't'P'e 

intensity smaller than a front outoTlSL Th ^ J 24 eeneratos out P"t light with 
than the output lig^t Outl ^ ^ 0UtpUt ,,ght 0ut2 has '"tensity smaller 

Trnl intVrt^e^ - » ^erferes in ft as shown in d^ 

depending on the wavelength ^T. ^ ; , 7 t v^ P A r08reS T the . s P acific ^recton 
operation gestalt of this Invention M VIPA _. acCord ' n « to the above-mentioned 

property on Z design of X ^e L„l^ "* * tHe S ' ight Strength which {a a 

interference of 0^(1^ t^e flux ^ S. ,B| ** increaSe 

isssa- r 5 "«£XS2K«' condWons which sua in *• s,ieht 

^t ength " ^ t ^ — ^tween^^ ^ws 

£SlIi^ direCti0 " - ftha *- of light formed to 

Furthermo^ in d^J?3?i ? 7 i. 3 '" 6 * *" n to m b V <">***<*■ 

focal line 78 ■nSS^^X^I^i specrfic angle and is diffused in a radial from the 
ererore, tne same mput light of wavelength progresses in the direction in which 
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many differed from the focal line 78. and is reflected among reflectors 122 and 194 ti. , 

22iS5^K^tiS StS,'? ••«**''-• 6***-W and 
field with width of face mnl to ™ • „ v "".^MK-iS • '"Put light 77 covers . 

among reflectors 122 and 124 and it .hn.Mk. ♦ ?u . 77 should ba captured* 
irradiation window 126 Therefore in t02?£- fiJH 2,* '* B " y CSCape froni the 
from the irradiation JSjTSfft s an J? ■ ^ ?? pr0greSSeS and not to co ™ «* 
to the following formulas (2) ° T ' nC,,r,8t,0n **• °' ft ShoU,d be s «* 

up according 

[0036] Inclination thetaO >= (a+b) of an optical axis / 4t tWM 

To each wavelength of the inout llZ 77 ' »* Z,^ „T P ! 080 amo " B 122 and 124. 

of.lilM spatial tane^7twoTnto 7 ^ 

it interferes mutually ' 0ut1 ' 0ut2 ' 0ut3 - and 0ut 4 in which 

£ £"7?° "** "** °"* 0ut '' 0u * 0 ** - " called' aSc'enc. of 

w^w^^^ors^rK w r inv>nB<m - ^ «-» ■» 

. travelling direction (namely, "spatial propertv") of the fl,.v «f k-^J^S . ? " ers * the 

tar M * 82b; - *!^!SKKf»r? - 

W41] According to the above-menWd operation form of this invention, it i, indict that . 
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However e Zfl?** " f . W " >Site Side 0f *« O 3 ™" 6 ' ""^ «•** input light input* 

makes interfere™ f^^ZnT^ film makes ,ight P ene ** e 

invention can be easily chanced accordinf^h faotora 1 of ^ van °"s operation forms of this 
[00431 AcfinrHimrTTS. * ng6d ^ordrng to the required property of VIPA. 

^ro?CrS"« fi^M ^^TiT film . M '* 1m ■*-*"»«•«. -nd the reflection 

K2H" Mho s,art ■ ^ •SttfJ* enoueh to * e « hich — • 

b • ^^e^ f ,X ^ ' Tad '' a, " >n Wi " d0W 102 and "*«*• ■» »« 

w.noow iu*. i herefore, an angle of inclination is set up according to 
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the above-mentioned formula (2). 

to ^JbJStaSS ffSSST 6 ' 8 " ** *« *" ° f "*» oorr.spond.ng 

the output light penetrated throuehlh77efl7cive fit 9fl S. Jf '■*T d of ' nterferen <* <* 
is earned out from one side of *fp^^, « £ * e fluTof St 1 1? I*' '** 

[0055] Drawing 13 is drawing showing waveguide tyoe VIPA accwim, ♦« 1 * ■ * 
invention. According to drawin* 13 |Lt iT WVII A according to 1 operation form of this 
and is received by 5,1 w^Sriio 'J frorn an optical fiber (""-illustrating), 
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corresponding receiver wav ^«de 162 » processed after being received by the 

(A) is drawing showingoperation of #52^^ 

the beam profile of VIPA °iawmg_£ ot VIPA76, and drawjn^H (B) is drawing showing 

has the reflection fJor JlSk^^n ZSV" a f umed * at reflective film 124 
reflection factor. By the muttfe 1^. 1 ?* r * fleCtive fi,m 122 has 95 * affixed 
77 becomes weak in ^76%^^? *I F!?*™ ^ S 122 and 124 ' *• 
along the field of the reflect vlfi^l £ t % "'^L* WPA76 beco ™ s -eaT 

efficiency to the optical mToftVZ o iSST ^* a "55^i (BX Therofc ^ 

poss,, to cn th *53rfifi5r this prob,em is * is 

g i (A) according 1 ^ra^^fThis Son^^ ^ ^ * ™ ° f ^ 

^el A n C ?a°^on the -Active fl.m 124 has the 

acquired flux of m^iZ^S^^^ST^ F ^ rm ^ beam profile of the 
* may have a ^^r^^"^^ TT*^ ** 80 ** 

indicated by drawinc 15 (B) f«pT™j . A . f' 0 " l,ke abbreviation belHike curve 
input light #5B22LE^ P £*" ^ the b ^"'^ of ^ 

possible to make it change so thai ™ ?•!♦ * rcfIec t» on of the reflective film 122, it is 

through the rXrtS^lS^^rS-i ,ht m " y Pene V te the refle <*ve film 1 22 

light where the reflecti? Tfi m m^^^ 192 ^ ' aSt ° f th * in »* light 77 of 
much. In a detail, more hectic HbS^XT^f* J° ° nly a part mi « ht Penetrate very 
factor high near th* Cto2^^ T ^- * m ™ Preferab,y A reflecti <>« 

assets 

the reflective film 122 has 99* of 

80% of abbreviation in S^^^^^^ 1^ t0 the refleCtion fact °' of 
the range of this reflection factor I ESSE 1 1 °ZT r ' inVBntion is not B "**l to 
reflection factor may chanVe from 5,1 £ ♦ V deSlgn the reflecti ve film 122 so that a 
incidence position 182 W ' nC,dence positio " 180 continuously toward the last 

wl^&ttt^Z SrJS P ° S ^ ™ the - fl -tive film 

180. while multiple^ m^Z^StS^SSS ™f°T- P ° 8 * 0 " 
made for the flux of light decreased and I ^ I 6 6 fil ™ 122 and 124. It is 

incidence position fromthe firs ^ItT? * ^V™^ the reflect ™ W to the last 

a beam profile Z^^SlSSStS 2 £" T^S^ ^ 122 * have 
profile Is shown in dxawingjl5 (B) * ^ reflec * ve fil ™ 122. Such a beam 

«l 7 Jha "rZZTmm™ SSaiff """Vf aXamP ' e ° f tHe refleCti0 " ^or curve ' 
invention, and dra^S (B) to • ■ST^JT* W ^^'^ t0 1 ° Peration form of tn-'s 
and a power tran^iibn curve CoTt^E^ P ° W6r refleCtive «> 

amplitude). ' eeneral,v rt « T=t2 R=r2 (power is the square of an 

It is T+R=1. 
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more ' However ' * e c ° mpiicated — «- *«™ esteem 

[0072] Furthermore, the optical phase in the light penetrated through the reflective film 122 
o*put I* ta. . d«,r,d b Mm „,„ g th . 2n<f „„„ (SM «, fcJIJaS?* X«K« 
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Luu/oj t is possible to use the equipment containing VfPA combined with reflet™* 

application the optical equipment which uses a bar CHARI IMEJIDO nh»JL • J 

LU077J For example, if drawing 19 is referred to, VIPA240 has the i*t <um 94* u L u 

SS?.7?i m>ny di,ferecl so * ™» tako the compo.lt>on 

10078J Light i, outputted from . fib,r 246, and is collimated by the collimat. lens 248 .nd 

250 and a collimate Inn* 9dn * J ... ■ ' . 7°* Progresses through the cylinder lens 
r/vioni 00,11111316 ,ens ^ 48 - ar, d is received with a fiber 246. 
LUUBUJ Therefore, it is outputted from VIPA240 it ;« r*fi. l,, *u 

returned to VIPA240 Th« li JIT «fl-2 7l ' . re fl ecte d *>V the mirror 254, and light is 

Z£ " ^KS^TT'Tf component from whlch liehl *•»■ » *ST„d 

components is receive vroAo^n a L oupf : 08e inat the "8nt wh| ch has vanous wave ength 
WA^^^r"'^ W " Velen<th ""Went from which ft. cllimrtion 
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12/.5"*— S3 

4 

illustrated noting that it has some wavelength components 276a 276b and 27fL SLti !u 

280a 280b ^SSfST ^ " i" UStrated * hat * ^ *» ££SZ££^ 

£»ua. zsab, and 280c. Here, the wavelength components! 276a 27fia an n 9«nA w ™» loneTO 

zsrt s^sr -r-r r ™ - ~ = seet* 

r*™'',' from tn ° wavelength of the wavelemth components 27«a 278a andMO.) 
X ! in ° e ^ conver ? es the animation light of the same wavelength of a different order of 

E ^ ^ d,V,S '°" r ltiplex W us ^»y ^ntain, many channels. t SmZftT ZT 
CSSSSi ? n u Ce agam and tWckness * between the ts * the 2nd field 24 2 Vnd 244 o f 

Sffiftr thielOT r" or " WDM •^™E£Zr* i WDM 

KSSmo" In ^ZZL^T** "2 ""** (2ntMstt »«') <**• «und trip *hieh paaaed alon. 
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13/15 s<—is 

EE* ^ main ^ have th™^ en*. CwSSS*" 

therefore the same convergence position of a mirror 254 ™" 

channe on the point 272 on a mirror f L g ength com P° n ent of each 

chan-iof SSXf' C °~"««" ° h ™*'- — «» 

eSn^rZ 25^^contr^,t° Wing r T ° hi " mel " hi ° h H ««-™- <* *. 
even channe,™ n on" ^^ZTkI Z^c^^T^, "J? "* * 
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14/15 ^ — i> 

this contractor, such a beam profile coTCation Jnllt^l^t X?"*"' t0 

[0100] Acoordint to the «l>ove-mentioned operation eestelt of this invention .h.i irf -. - ■ • 
t»o or more waving* is operated speetrolly sJ^ZX^^c^lfT^T"^ 

SoXS^pe^ 

St^o^^ n V,p A . 

result the orooertv of VIpa ;* ^-mTVu Detween the light in which it interferes. As a 

a reflector. Rather, VIPA should only have the suitable reflected !h '« der J° Prepare 
need to be carried out even if formed a s a "filrrt" ' refleCt ° rS d ° not 

on t However vrPA i a ii«n.--4 * • J transparent glass which has a reflector 

n. nowever, vifa is not limited to using a glass member and what tyoe of "board" in «^I7+ 

metallurgy group of thermal expansion, and the reflector of VIPA can onlvha\!« W 

SSS^VSSS " indiCat6d " are 
[0107] Some suitable operation forms of this invention are shown, and although indicated, it will 
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15/15 *; 

this contractor. specified by the claim or its equal object according to 



[Translation done.] 
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